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6d ./ = 1 Supergravity theories

S Talilipiols: Chiral fields contribute to gauge/gravitational anomalies

Supergravity-multiplet (g/w, B/w’ W, ) Cancelled by the Green-Schwarz-Sagnotti Mechanism

Tensor-multiplet(T) (B;w’ D7) /R F/R
F/R F/R
Vector-multiplet(V) (Aﬂ, A ﬁ:{ - H =0
F/R F/R
F/R F/R

Hyper-multiplet(H) (4h,y™)

Anomaly polynomial factorizes as:

I — lQaﬁXX‘Xf Q,; symmetric of signature (1,T)
1 2 1.7
X = an‘trR2 7 Z bf‘(;trFiz) a®,b; € R
Anomaly Cancellation: i :
1 . -
P 0 V-—9273_ 9097 ER g g/li(ijdj — Z npdp) € 7 Ag, Bp, Cp group theory coefficients
R

& - > aB treF* = ARirF?, trgF* = BRtrF* + C(trF*)*

1 o

(F2)7 bl--bi:g}tiz(Zn;eCje—CAdj) =7

R ; . .

(RY*: a-a=9-T€eZ F2F2: b, b= Z’l'ﬂjnljSAﬁAé e n, = hypers in number of in R
ol l l R ’

R,S
[Taylor, Kumar, Morison,....



6d ./ = 1 Supergravity theories

S Talilipiols: Chiral fields contribute to gauge/gravitational anomalies

Supergravity-multiplet (g/w, B/w, W, ) Cancelled by the Green-Schwarz-Sagnotti Mechanism

Tensor-multiplet(T) (B/W’ D7) /R F/R
F/R F/R
Vector-multiplet(V) (Aﬂ, A ﬁ:{ - :}T{: =0
F/R F/R
F/R F/R

Hyper-multiplet(H) (4h,y™)

Anomaly polynomial factorizes as:

= lQaﬁXij Q,; symmetric of signature (1,T)
X - %a“trRz + ) b;l(%rng) e bieR
Anomaly Cancellation: i ’
B H-V 273 20T E R *" 4 . %/li(Ajldj 5 Z npAr) € Z Ag, Bp, Cp group theory coefficients
F*: 0=Bj;— X B (F2)? ,‘l.f . \‘ | % 22( Z ni ;’e e frpF? = AotrFe, trp B = Botrb + G 1F
(R : a-a=9-TeZ FizFf f = Ziiijn;ZSAéAé eZ i+ n, = hypers in number of in R
R.,S

[Taylor, Kumar, Morison,....]



6d Sugra Landscape

[Morrison, ,Kumar, Taylor,.....09°/10°/..]

[Kim, Shiu, Vafa 19’] [Lee,Weigand 19’]

[HCT, Vafa 21’] [Hamada, Loges 23’]
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6d A = 1 Supergravity

Large Class:  F-theory on elliptic Calabi-Yau threefold

oo @

= = Ky

b— C

Kodaira Condrtion: —1Ja = Z I/l-bl- + Y

l



6d N = 1 Supergravity

Large Class:  F-theory on elliptic Calabi-Yau threefold

As a supergravity condition

-
-
-
—e—
-
-

| e
X ‘ TN BS A (%aatrRz + 2 bl.“(/%trFiz))
b - l
—a — Kj o Gravitational Instanton charge
b— C e Gauge Instanton charge
Kodaira Condition: =g = Z vb. +Y - 12 J-a=2 ) & T
: Jek =) :
i T j T
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6d String Landscape

/ 6d CY Landscape

What is special about the “universal” hyper?! \

“Universal" Hypermultiplet: Vol(B) \ /\/x
-




6d Sugra Landscape
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What Is special about the “universal” hyper? \

“Universal" Hype let: Vol(B) X ,\/x
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Anomalies permit: H, . .,..; =
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6d Sugra Landscape i .
I i eutral T I} charged ~— — V=215 298

n

6d String Landscape

= U

Anomalies permit H, ,,.....; =

- / Can 1t become charged!?

@@@

——

“Universal" Hype let: Vol(B) \ /\/\
T

6d CY Landscape

7
\

What Is special about the “universal” hyper? \
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sSugra Questions

*  Find Universal consisiere

6d Sugra Landscape -
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6d Sugra Landscape

6d String Landscape

6d CY Landscape

sSugra Questions

*  Find Universal consisiere
condrtions

s the Kodaira condition a Sugra condition ?

O
a CY Lamppost effiect
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Abelian Orbifolds

» Choose the starting point: lIA, IIB, Heterotic

. Choose even self-dual lattice: T?"(g) = {(p;, pr) | P; € Ay/(8), Pr € Ayl8), p; — Pr € Ap(g)}
'2P(g) + TN E, x Ep)



Abelian Orbifolds

» Choose the starting point: lIA, IIB, Heterotic

. Choose even self-dual lattice: T?"(g) = {(p;, pr) | P; € Ay/(8), Pr € Ayl8), p; — Pr € Ap(g)}

&

Lattice Automorphisms/crystallographic symmetries on T

'2P(g) + TN E, x Ep)



Abelian Orbifolds

Choose the starting point: lIA, 1B, Heterotic

Choose even self-dual lattice: T”"P(g) = {(p;.pr) | p1 € Au(9), pr € AyA9a), p; — pr € Ar(g))
'2P(g) + TN E, x Ep)

Choose the twist:  [g;, g0l = [exp(rig,), expLrigy)] .
| pp.pr > = €™ PV PR g, - p g pp >

Choose the shift: (VLa VR)



Abelian Orbifolds

» Choose the starting point: lIA, lIB, Heterotic

. Choose even self-dual lattice: T?"(g) = {(p;, pr) | P; € Ay/(8), Pr € Ayl8), p; — Pr € Ap(g)}
'2P(g) + TN E, x Ep)

» Choose the twist:  [g;, gr] = [exp(27igh,), expLrigy)] .
| pp.pr > = €™ PV PR g, - p g pp >

» Choose the shift: (VLa VR)
R=1L KEe
Symmetric Asymmetric
Orbifolds Orbifolds

[ Dixon, Harvey, Vafa, Witten 85'/86] [Narain, Sarmadi, Vafa 8/}



Abelian Orbifolds

» Choose the starting point: lIA, lIB, Heterotic

. Choose even self-dual lattice: T?"(g) = {(p;, pr) | P; € Ay/(8), Pr € Ayl8), p; — Pr € Ap(g)}

'2P(g) + TN E, x Ep)
« Choose the twist: [exp(2zigh;), exp(Lrmighy)]
« Choose the shift: Vi p
R=1L e
Symmetric Asymmetric a
Orbifolds Orbifolds



Type Il Asymmetric Orbifold

6d [**(Dy) = {(pr, pp) | P € Ay(Dy), pr € Ay(Dy),p — Pr € Ag(Dy))



6d

Type Il Asymmetric Orbifold

I*(Dy) = {(pr, pp) | Pr € Aw(Dy), pgr € Ay(Dy),pr — Pr € Ag(Dy))

[exp(27ih; ), exp(Lrighy) ] Preserve 8 supercharges

= P
Break all right moving SUSY I (_ 1) -



6d

Type Il Asymmetric Orbifold

I*(Dy) = {(pr, pp) | Pr € Aw(Dy), pgr € Ay(Dy),pr — Pr € Ag(Dy))

[exp(27ih; ), exp(Lrighy) ] Preserve 8 supercharges

Break all right moving SUSY ¢R = (— I)FR ¢L — (—, —) Break half left moving SUSY

2 2



Type Il Asymmetric Orbifold

60 F4’4(D4) == {(pLa Pr) ‘PL S AW(D4)apR = AW(D4)9pL =Dp & AR(D4)}
N =1 lexp(2righ; ), exp(Lrighy)] Preserve 8 supercharges
Break all right moving SUSY ¢R — (_ I)FR ¢L — (5, 5) Break half left moving SUSY
Spectrum
T V : Hcharged : 1 Hneutml
0 U(1)!? (£1.0.0.0,0°) + (&, £, £, .,0°) — + (£, %, F, %,0°) - + e U e 0




Type Il Asymmetric Orbifold

60 F4’4(D4) = {(pr, Pr) ‘PL € Ay(Dy), pr € Ay(Dy),pr — Pr € Ap(Dy) }
N =1 lexp(2righ; ), exp(Lrighy)] Preserve 8 supercharges
Break all right moving SUSY ¢R — (_ I)FR ¢L — (—, _) Break half left moving SUSY
2 7
Es Spectrum

T V e} charged Hneutml
- . ' 0
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Swampland Questions

*  Find Universal consisiere
condrtions

s the Kodaira condition a Sugra condition ?
. v
a Lamppost effect?

12J-aZZUiJ-bl-
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Heterotic Asymmetric Orbifold

A, @ A,) + 2I'Y(E,)

lexp2righ; ), exp(Lrighyp)]

Break half right moving SUSY ¢R — (g, %) ¢L = (0,0)

]
V. - §(16,02; 0°%)

Preserve 8 supercharges



Heterotic Asymmetric Orbifold

6d Y%A, @ A,) + 2I'Y(Ey)
=1 [exp(2rigy ), exp(Lrihy) ] Preserve 8 supercharges
Break half right moving SUSY ¢R — (g, %) ¢L = (0,0)

1
P = §(16,02; 0°)

Spectrum

T V H charged Hneutml

1 E. x SU(3) x Eg x SU(3)* 2@7.3 1 1L, Lt 271 1,1,31) - 271§ 3 0
F(1.3.1 5.5 (1951 E) +(1,3,1,3,3)



sSugra Questions

*  Find Universal consisiere

6d Sugra Landscape o
conditions

6d String Landscape

/ 6d CY Landscape

s the Kodaira condition a Sugra condition ?

D
a Lamppost effect!
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Heterotic Asymmetric Orbifold

Spectrum

i |4 H charged Hneutml

1 E, x SU3) x Eg x SU(3)* 227,3,1,1, 1)+ (27.1,1,3,1) + (27,1,1.3,1) 0
+(1,3,1,3,3)+(1,3,1, Q) +(1,3,1,3,3)

LG

Higgsing

T V f charged Hneutml

1 Lyg 0 492



Heterotic Asymmetric Orbifold

Spectrum

i |4 H charged Hneutml

1 E, x SU3) x Eg x SU(3)* 227,3,1,1, 1)+ (27.1,1,3,1) + (27,1,1.3,1) 0
+(1,3,1,3,3)+(1,3,1, Q) +(1,3,1,3,3)

LG

Higgsing

T V f charged Hneutml

E
1 : Familiar? . 492



Heterotic Asymmetric Orbifold

Spectrum

i |4 H charged Hneutml

1 E, x SU3) x Eg x SU(3)* 227,3,1,1, 1)+ (27.1,1,3,1) + (27,1,1.3,1) 0
+(1,3,1,3,3)+(1,3,1, Q) +(1,3,1,3,3)

LG

Higgsing

i V H charged Hneutml

] Lg 0 492

b




Heterotic Asymmetric Orbifold

V Hcharged Hneutml
E, x SU3) x Eg x SU(3)* 2(27,3,1,1,1) + (27.1,1,3,1) + (27,1,1,3,1) 0

+(1,3,1,3,3)+(1,3,1,3,3) + (1,3,1,3,3)

HIggsing
Calabi-Yau threefold with base [,
V Hcharged Hneutml
Dualrty

Heterotic on K3 with Instanton number (0,24)



[9505105] T- Transitions
Kachru vamn /4C|V

« - Heterotic Asymmetric Orbifold
Conifold like
gg — 00 T Vol(B) = 0 I IggSlﬂg/Uﬂ |gg3|ﬂg
& (O
Calabi-Yau threefold with base [,
| Duality

Heterotic on K3 with Instanton number (0,24)



[9505105] T- Transitions
Kachru vamn /4C|V

oo —~ Heterotic Asymmetric Orbifold
Conifold like

—‘

s = 0 T Vol(B) — 0O

oD@

| Higgsing/UnHiggsing

R
Calabi-Yau threefold with base [,

| Duality

Heterotic on K3 with Instanton number (0,24)

self-dual

gy small



r*+4(D,) T4, @ Ay) + 2T8%Ey)  TH(Dy) + 2T(Ey) [*4(D,) + 28 0(Ey)

I | 2 o 11 :
be= (D =) be= 5D ¢ = (0,0) b= (33 Gl b= 55 ¢ = (0.0)

V, = %(16,02; 08) Vi, = %(12,06; 12,0 E; < Eg
Type Il AO Heterotic AOI Heterotic AO2 Heterotic AO3



F4’4(D4)

LA L
¢R_( 1) ¢L_(2’2)

Type Il AO
U1)*+H,

Y%A, @ A,) + 2I'V(Ey)
b= (5.5 #. = (0,0)

1
V- g(16,02; 0°)

Heterotic AOI

E X SUB) X Eg x SUB)* + H,

%D, + 2I'9(Ey)

b .
Pr = (E’E) ¢L == (0,0)

1
- 5(12,06; 12,0°)

Heterotic AO2

E. X SUQ2)X E; X SUQ2) X SO(8) + H.

Kodairxndition

4D, + 2I'39(Ey)

i .
¢r = (5’5) ¢L — (0,0)
Eq; & Eg

Heterotic AO3

Eg X SOB) + H,




r*+4(D,) T4, @ Ay) + 2T8%Ey)  TH(Dy) + 2T(Ey) [*4(D,) + 28 0(Ey)

- i - - Sl s
be= (D =) be= 5D ¢, = (0,0) b= () % be = 55) ¢ = (0,0)
1
v, = L1502 0%) V, = =(1%,0% 12,0 E, « Eg
L 3 oV 2
Type Il AO  Heterotic AOI Heterotic AO2 Heterotic AO3
U2 4+ H. E¢ X SU3) X E3 x SU3)* + H, E7 X SU(2) X E7 X SU(2) X SO(8) + H, Ey x SO(8) + H,

| e | |

Calabi-Yau dP ECaIabi-Yau 9 Calabi-Yau [, Calabi-Yau [
! | i !

Heterotic Heterotic Heterotic Heterotic
K3+ NS5 branes K3 (0,24) K3 (12,12) K3 (9,15)




M-theory on K3 x §'/7,

lransitions
M9
G +T _T G
4 4 ~ [
M5
/ M2
y w /
/// s R /
Blow up  Blow down

--theory



Type Il AO Heterotic AOI| Heterotic AO2 Heterotic AO3

U(1)12 +H, E, X SUB3) X E; x SU3)? + H, E; x SU2) X E; x SU(2) x SO(8) + H, E, x SO(8) + H.

| . | |

Calabi-Yau dPy ECaIabi-Yau 5 Calabi-Yau [, Calabi-Yau [,

| i | |

Heterotic Heterotic Heterotic Heterotic
K3+ NS5 branes K3 (0,24) K3 (12,12) K3 (9,15)

ir L \/V




Consider theories on ST with Wilson lines

Type Il AO Heterotic AOI Heterotic AO2 Heterotic AO3

U'*+H, E, x SUB) X Ey x SU3)* + H, E, x SUQ) X E, X SUQ2) X SO(8) + H. E,x SO®) + H.
i Y r=1 Ji— Tl |

6d

til on L oulomb branch U(1)22 U(I)M



Connectedness of String Vacua

MC Coulomb Branch

MH Higos Branch

Instanton
Transitions

< >

<«~~ lensor Branch
Transitions



More 5d models with no hypers ?

Freely Acting Orbifolds
Type Il AO Heterotic AO
o [21.5 — 1204 4 L1
‘ T T
Z \ twist  Shift 2y twist  Shift
. -

Iwisted sectors become massive

Similar examples

[ Gkoumtoumis, Hull, Stemerdink,Vandoren 23]



More 5d models with no hypers !

rank | type lj_tIt,ll?f twist order
— (13
2 | II ['44(Dy) b= (§> gi) 12
¢R - (Za z)
— 2
4 | 1I [4(Dy) PL = (?’ i;) 12
¢R — (Za Z)
6 | II [*4(Ay x Ay) PL = (}’?) 6
¢R - (37 3)
— (1
8 | II ['44(Dy) Pr = (g’ ?) 4
¢r = (3, 1)
r = (5:5)
F2’2(A2) — F2’2(A2)
12 | Het | 2I'%%(A,) + 2I'*°(E 12
) (42) E) | 1s0(By) > 189(By)
VL = (0% 0°)
¢L — (070)
Het | I'*4(D,) + 2I'*°(Ey) Or = (i’ %) 4
'0(Eg) «» I'®(Ey)
14
Vi = (0%;0%)
Model 4 on S*,
Coulomb branch
¢R — (%a (l,)
20 | Het | 2I'*?*(Ap) +2I'%0(Es) | T'22(A,) < I'22(A,) 12
VL — (08; 08)
¢L - (070)
Het | T'“*(Ds)+ 2I%°(Es) br = (5, 1) 2
22 Vi, = (08;0%)

Model 1,2,3 on S*,
Coulomb branch




More 5d models with no hypers !

lattice

rank | type LT twist order
— (1 3
2 | II ['44(Dy) b= ((1;, gi) 12
¢R - (Za Z)
— 2
4 | 1I [4(Dy) PL = (?’ i;) 12
¢R — (Z) Z)
6 | II [*4(Ay X Ay) PL = (}’?) 6
¢R - (37 3)
— (1
8 | II ['44(Dy) Pr = (g’?) 4
¢R - (Za Z)
6r = (5:5)
[22(A,) < [22(A,)
12 | Het | 2I'*2(A,) + 2I'*°(E 12
| AT ITE) | pso(gy) o roo(Ey
VL = (0% 0°)
¢L — (0)0)
Het | T'4(D,) + 2I'3°(Ej) PR = (i’ %) 4
'0(Eg) «» I'®(Ey)
14
Vi = (0%;0°)
Model 4 on S*,
Coulomb branch
¢R — (éa %)
20 | Het | 2I'*?*(Ap) +2I'%0(Es) | T'22(A,) < I'22(A,) 12
VL = (0% 0°)
¢L — (070)
Het | T'“*(Ds)+ 2I%°(Es) bor=(5,1) 2
22 Vi, = (08;0%)

Model 1,2,3 on S*,
Coulomb branch

Observations

ven Ranik



More 5d models with no hypers !

lattice

rank | type LT twist order
_ (13
2 | II ['44(Dy) b= (g’ gi) 12
¢R - (Za Z)
— 2
4 | 1I [4(Dy) PL = (?’ 1;) 12
d)R - (Za Z)
6 | II [*4(Ay X Ay) PL = (}’?) 6
¢R — (37 3)
— (1
8 | II ['44(Dy) Pr = (g’?) 4
¢R - (Za Z)
¢r = (5:5)
[22(A,) < [22(A,)
12 Het | 2I'*%(A 280(E 12
| AT ITE) | pso(gy) o roo(Ey
VL = (0% 0°)
¢L - (0:0)
Het '4(Dy) + 2I'%° (Ey) Or = (i’ %) 4
14 PS’O(Eg) — FS’O(ES)
Vi = (0%;0°)
Model 4 on S*,
Coulomb branch
¢R — (éa (l,)
20 | Het | 2I'*?*(Ap) +2I'%0(Es) | T'22(A,) < I'22(A,) 12
VL = (0% 0°)
¢L - (an)
Het | T'“*(Ds)+ 2I%°(Es) bor=(5,1) 2
22 Vi, = (08;0%)

Model 1,2,3 on S*,
Coulomb branch

Observations

o ven Ranle

[ Gkoumtoumis, Hull, Stemerdink,Vandoren 23]

e 1< 26—d+ 17

[Kim, HCT,Vafa 197]



More 5d models with no hypers !

Observations

ven Rk

lattice :
rank | type LT twist order
— (13
2 | II ['44(Dy) b= (g’ gi) 12
¢R - (Za Z)
— 2
4 | 1I [4(Dy) PL = (?’ 1;) 12
d)R - (Za Z)
6 | II [*4(Ay X Ay) PL = (}’?) 6
¢R - (37 3)
— (1
8 | II ['44(Dy) Pr = 2’ ?) 4
¢R — 2 Z)
on= (3.1
F2’2(A2) — F2’2(A2)
12 | Het | 2I'%%(A,) + 2I'*°(E 12
| AT ITE) | pso(gy) o roo(Ey
VL = (08; 08)
¢L - an)
Het | T'4(D,) + 2I'*°(Ey) O = %’ %) 4
14 PS’O(Eg) — FS’O(ES)
VL — (08 08)
Model 4 on S*,
Coulomb branch
¢R - %a (l,)
20 | Het | 2I'*?*(Ap) +2I'%0(Es) | T'22(A,) < I'22(A,) 12
VL — (08; 08)
¢L — (an)
Het | T'“*(Ds)+ 2I%°(Es) bor=(5,1) 2
22 Vi, = (08;0%)

Model 1,2,3 on S*,
Coulomb branch

c r<26—d+ 17

For k120

[Mizoguchi O]



More 5d models with no hypers !

rank | type lj_tf,ll?f twist order
— (13
2 | II ['44(Dy) b= (g’ gi) 12
¢R - (Za Z)
— 2
4 | 1I [4(Dy) PL = (?’ 1;) 12
d)R - (Za Z)
6 | II [*4(Ay X Ay) PL = (}’?) 6
¢R — (37 3)
— (1
8 | II ['44(Dy) Pr = (g’?) 4
¢r = (3, 1)
or = (55)
F2’2(A2) — F2’2(A2)
12 | Het | 2I'%%(A,) + 2I'*°(E 12
| AT ITE) | pso(gy) o roo(Ey
VL = (0% 0°)
¢L — (an)
Het | T'4(D,) + 2I'3°(Ej) O = (%’ %) 4
14 PSO(Eg — FS’O(ES)
Vi = (0%;0°)
Model 4 on S*,
Coulomb branch
¢R — %a (l))
20 | Het | 2I'*?*(Ap) +2I'%0(Es) | T'22(A,) < I'22(A,) 12
VL — (08; 08)
¢L - (0:0)
Het | T'“*(Ds)+ 2I%°(Es) bor=(5,1) 2
22 Vi, = (08;0%)

Model 1,2,3 on S*,
Coulomb branch

Observations

: ven Rk

s r< 20

:

O sealars so e

string t

neory

d+ I

L a perturbative



More 5d models with no hypers !

lattice

rank | type LT twist order
— (13
2 | II ['44(Dy) b= (g’ gi) 12
¢R - (Za Z)
— 2
4 | 1I [4(Dy) PL = (?’ 1;) 12
d)R - (Za Z)
6 | II [*4(Ay X Ay) PL = (}’?) 6
¢R - (37 3)
— (1
8 | II ['44(Dy) Pr = (g’?) 4
¢r = (3, 1)
or = (55)
F2’2(A2) — F2’2(A2)
12 | Het | 2I'%%(A,) + 2I'*°(E 12
| AT ITE) | pso(gy) o roo(Ey
VL = (0% 0°)
¢L - (0:0)
Het | T'4(D,) + 2I'3°(Ej) O = (%’ %) 4
14 PS’O(Eg) — FS’O(ES)
Vi = (0%;0°)
Model 4 on S*,
Coulomb branch
¢R — %a (l))
20 | Het | 2I'*?*(Ap) +2I'%0(Es) | T'22(A,) < I'22(A,) 12
VL — (08; 08)
¢L - (0:0)
Het | T'“*(Ds)+ 2I%°(Es) bor=(5,1) 2
22 Vi, = (08;0%)

Model 1,2,3 on S*,
Coulomb branch

Observations

o ven Rk

c r<26—d+ 17

:

No scalars so not a perturbative
string theory

Maybe strong coupling of 4ad
with one vector?




Observations

EVER ol

c r <26 —d+ 17

/

No scalars so not a perturbative
string theory

Maybe st
th one vector!?

Wi

rong coupling of 4d

Abelian Orbifolds




Observations

EVER ol

c r <26 —d+ 17

/

Ne et ce ae
string t

L a perturbative

neory

Maybe strong coupling of 4d
with one vector?

Maybe strong coupling of 3d

with two

vectors!?

Abelian Orbifolds




3d models with no hypers and two vectors

e FINd 4

d orbifold with untwisted sector: (4

d A = 2 Gravity) + 1(Vector)



3d models with no hypers and two vectors

» Find 4d orbifold with untwisted sector: (4d A = 2 Gravity) + 1(Vector)

+ Put the theory on S! with a shift: twisted sectors massive



3d models with no hypers and two vectors

» Find 4d orbifold with untwisted sector: (4d A = 2 Gravity) + 1(Vector)

+ Put the theory on S! with a shift: twisted sectors massive

» Resulting theory: (3d A = 4 Gravity) + 2(Vectors)



3d models with no hypers and two vectors

» Find 4d orbifold with untwisted sector: (4d A = 2 Gravity) + 1(Vector)

+ Put the theory on S! with a shift: twisted sectors massive

F6’6(E6)

» Resulting theory: (3d A = 4 Gravity) + 2(Vectors)



3d models with no hypers and two vectors

» Find 4d orbifold with untwisted sector: (4d A = 2 Gravity) + 1(Vector)

+ Put the theory on S! with a shift: twisted sectors massive

F6’6(E6)

» Resulting theory: (3d A = 4 Gravity) + 2(Vectors)

Could this be our theory?



3d models with no hypers and two vectors

» Find 4d orbifold with untwisted sector: (4d A = 2 Gravity) + 1(Vector)

+ Put the theory on S! with a shift: twisted sectors massive

F6’6(E6)

» Resulting theory: (3d A = 4 Gravity) + 2(Vectors)

o 1
¢L = (Oa_a_) ¢R = (

2 4)
3 3 9°9°9

Lloes the theory go 1o 4d or ba!

-mergent string conjecture: Infinite distance limit decompactifies or string limit
B | clofie, Vveloand |




3d models with no hypers and two vectors

» Find 4d orbifold with untwisted sector: (4d A = 2 Gravity) + 1(Vector)

+ Put the theory on S! with a shift: twisted sectors massive

F6’6(E6)

» Resulting theory: (3d A = 4 Gravity) + 2(Vectors)

o 1
¢L = (Oa_a_) ¢R = (

2 4)
3 3 9°9°9

Lloes the theory go 1o 4d or ba!

-mergent string conjecture: Infinite distance limit decompactifies or string limit
Two non-compact scalars: Rey ahd g

v
) o0



3d models with no hypers and two vectors

» Find 4d orbifold with untwisted sector: (4d A = 2 Gravity) + 1(Vector)

+ Put the theory on S! with a shift: twisted sectors massive

F6’6(E6)

» Resulting theory: (3d A = 4 Gravity) + 2(Vectors)

o 1
¢L = (Oa_a_) ¢R = (

2 4)
3 3 9°9°9

Lloes the theory go 1o 4d or ba!

-mergent string conjecture: Infinite distance limit decompactifies or string limit
Two non-compact scalars: Rey ahd g

o -
0 - S We need to compute
=) ?  the instanton corrections




Abelian Orbifolds

» Choose the starting point: lIA, 1B, Heterotic

» Choose even self-dual lattice: T'”(g) = {(pL, pr) | PL € Au(8), Pr € Ay/(8), P — Pr € Ag(8))

&

| attice Automorphisms/crystallographic symmetries of T

'2P(g) + TN E, x Ep)



Abelian Orbifolds

» Choose the starting point: lIA, 1B, Heterotic

» Choose even self-dual lattice: T'”(g) = {(pL, pr) | PL € Au(8), Pr € Ay/(8), P — Pr € Ag(8))

&

| attice Automorphisms/crystallographic symmetries of T

'2P(g) + TN E, x Ep)

Are there such automorphisms that act crystallographically on IT'?* but not T ?



Abelian Orbifolds

» Choose the starting point: lIA, 1B, Heterotic

» Choose even self-dual lattice: T'”(g) = {(pL, pr) | PL € Au(8), Pr € Ay/(8), P — Pr € Ag(8))

&

| attice Automorphisms/crystallographic symmetries of T

'2P(g) + TN E, x Ep)

Are there such automorphisms that act crystallographically on ' but not TP 7

Yes!

[Harvey, Moore,Vafa 8/]



Quasicrystalline Compactifications

» Choose the starting point: lIA, 1B, Heterotic

» Find automorphisms that act crystallographically in 2d but not d

+ Build even self-dual lattice """



Quasicrystalline Compactifications

Q | 6d 44 | Twist Known

16 | 1G + 21T o5’ | Zoy: {1/12,1/12},{5/12,5/12} | K3

8 | 1G+9T +8V +20H | T'5* | Zg : {1/20,3/20},{7/20,9/20} | CY3 — dP9

fecl/ Aeing
Q | 5d Lat. 4+ | Twist
16 | 1G4+ 1V oy Zyy : {1/12,1/12},{5/12,5/12}
1G + 4V +2F + 35y | T4 Zoo : {1/20,3/20},{7/20,9/20}
0 |1G+3V +2Sg ryt Zso - {1/30,11/30}, {7/30,13/30}
1G + 3V +2F + 25 | T3 Zso = {1/30,7/30},{11/30,13/30}
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Fig. 1. p; inthe Z/12Z quasicrystal for states with pi + px < 12.



Summary and future direction

Understanding the boundary
of the string landscape

* Non-geometric modeils
Where isthe 5d #/ = 17
/ \ Compute corrections!
They kill moduli: important for realistic non-susy models
Other like SO(16) X SO(16) string theory?

Good testing
sround for Swampland conjectures

* Any new Ideas for non-geometric string constructions!



Thawnie you very much
for Listening'




